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(57) [Abstract] 

[Problems to be Solved by the Invention] 

Separating and refining useful product which is made 
objective,simultaneously and offer of ion exchanger which 
makes Dounce tree A process which is done efficiently 
possible. 

[Means to Solve the Problems] 

Coating ion exchange^ which covered surface of ion 
exchanger with nonionic substance 

[Claim(s)] 
[Claim 1] 

Coating ion exchange^ which covered surface of ion 
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exchanger with nonionic substance 
[Claim 2] . 

Coating ion exchanger,, which is stated in Claim 1 where ion 
exchanger is the anion exchanger 

[Claim 3] 

Coating ion exchanger,, which is stated in Claim 1 or 2 
which is a one kind or more where nonionic substance is 
chosen from polysaccharide* polyol* poly amide * 
polyester* polyurethane* polyether* and polyether sulfone 

[Claim 4] 

Either of Claim 1-3 where average particle diameter of ion 
exchanger is range of 100 -1000;mu m coating ion 
exchanger,, which is stated in one claim 

[Claim 5] 

manufacturing method,, of coating ion exchanger which 
forms coating layer of nonionic substance in surface of ion 
exchanger 

[Claim 6] 

Either of Claim 1-4 separation and purification method of 
useful component which uses coating ion exchanger which is 
stated in one claim . 

[Claim 7] 

Either of Claim 1-4 coating ion exchanger which is stated in 
one claim separation and purification method of useful 
component which uses column which is filled. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards coating ion exchanger and 
manufacturing method* and separation and purification 
methodof useful component. 

Furthermore details regard coating ion exchanger and 
manufacturing methods and the separation and purification 
method of useful component of covering surface of ion 
exchanger with the nonionic substance. 

[0002] 

[Prior Art] 

manufacturing process of protein* enzyme* nucleic acid* 
polysaccharide* lipid or other bio product is divided with 
into up stream process which is a production stage of starting 
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material roughly with biochemical reaction, enzymatic 
reaction etc and Dounce tree Jb process which is a 
separation and purification stage of objective useful 
component. 

fermentation broth and extracted liquid or other which are 
acquired with up stream process roughly, inorder from fact 
that substance outside objective is included manyother than 
useful component which is made objective, to obtain 
objective useful component withhigh purity, separation 
process of plural where kind differs wasnecessary in starting 
material . 

With kind of objective useful component and.purity which is 
sought from the said component, when process cost of 
Dounce tree A process which is a separation and 
purification stage of objective useful component, majority of 
all manufacturing cost is occupied, from factthat it is, 
efficiency of Dounce tree A process in manufacturing 
process of the bio product has been more and more attached 
importance recently. 

[0003] 

From this kind of background, attempt which presently 
simplifies the Dounce tree A process has done. 

Concretely, first, adding fermentation broth which does not 
separate cell and cell mass to ion exchanger of fluidized bed, 
can list method (Below "fluidized bed method " with you 
describe. ) which separation and purification it does only 
objective component. 

On one hand, also method (Below "column method " with you 
describe. ) which does ion exchanger making use of the 
column which is filled is thought of separation and 
purification of objective useful component from the 
fermentation broth. 

If it is this method, uses existing facility with part 
improvement of the facility being possible, it is profitable 
from aspect of the facilities cost. 

But, in order to utilize these method, ion exchanger which is 
filled in the column cell has gap of passable extent, being 
necessary ,furthermore, it can seek to said ion exchanger 
property where to be difficulty adsorb, column clogging is 
difficult to do cell. 

[0004] 

[Problems to be Solved by the Invention] 

Regrettable especially, STR EAML INE (tradename, 
Amersham Pharmacia bio tech KK ) or other special 
equipment becomesnecessary regarding fluidized bed method. 
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When it introduces into novel, says < T in coming 
thatrelatively it is necessary to purchase expensive separation 
facility, it decreases thecost which depends on Dounce tree 
A process, when it is not suitedwas many. 

In addition, conventional ion exchanger even when cell 
adsorbs from fact that tendency which is strong, it is a column 
method, ion exchanger which is used,compares and even with 
when it has gap which cell can pass,column was in tendency 
which clogging it is easy to do. 

Furthermore, regarding to these whichever method, 
aforementionedway as for conventional ion exchanger itself 
with objective useful substance from fact that it 
adsorbs,simultaneously and as for Dounce tree A process 
which is doneefficiently it had not been established separating 
and refining theuseful product which is made objective from 
fermentation broth, to cell. 

[0005] 

[Means to Solve the Problems] 

You consider these inventors to problem of Prior Art and as 
for resultof repeating diligent investigation, as for coating ion 
exchanger which covered the surface of ion exchanger with 
nonionic substance, adsorption ratio of cell is low, iffrom fact 
that at same time adsorption ratio of objective useful 
component is high,said coating ion exchanger is used, 
separating and refining useful product which is made 
objective from fermentation broth, Becomes simultaneously 
and Dounce tree J* process which is doneefficiently 
possible, you discovered , you completed this invention on 
basis of this knowledge. 

[0006] 

this invention description below (1) - has constitution of (7). 

Coating ion exchanger© which covered surface of ion 
exchanger with nonionic substance 

Coating ion exchange^ which is stated in aforementioned 
Claim 1 where(2) ion exchanger is anion exchanger 

Coating ion exchanger e which is stated in aforementioned 
first or the Claim 2 which is a one kind or more where (3) 
nonionic substance is chosen from polysaccharide* polyok , 
polyamide* polyester* polyurethane* polyether* and 
polyether sulfone 

Either of aforementioned first-Claim 3 where average particle 
diameter of (4) ion exchanger isrange of 100 - 1000;mu m 
coating ion exchanger,, which is stated in the one claim 

manufacturing method© of coating ion exchanger which 
forms coating layer of nonionic substance in surface of (5) ion 
exchanger 
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Either of (6) Claim 1-4 separation and purification method of 
useful component which uses thecoating ion exchanger which 
is stated in one claim . 

Either of (7) aforementioned first-Claim 4 coating ion 
exchanger which isstated in one claim separation and 
purification method of useful component which uses column 
which is filled. 

[0007] 

Below, this invention is explained in detail. 

ion exchanger which is used for this invention is good with 
whichever of the cation exchanger, anion exchanger, but 
because cell has negative charge mainly, it is a anion 
exchanger, itis desirable . 

As for ion exchanger which is used with this invention, those 
which acquire the one kind or more which is chosen from 
cellulose, cellulose acetate, agarose * dextran. chitin. 
chitosan or other polysaccharide as starting material. Those 
which acquire one kind or more which is chosen from 
styrene-divinyl benzene copolymer, polyvinyl alcohol, 
polyacrylamide. silica gel or other synthetic resin as the 
starting material Or it is good with whichever of those which 
acquire one kind or more which ischosen from one kind or 
more and synthetic resin which are chosen from 
theaforementioned polysaccharide as starting material. 

[0008] 

nonionic substance of this invention when with one kind or 
more which is chosen from the polysaccharide. polyol. 
polyamide. polyester, polyurethane. polyether. 
poly ether sulfone etc, even, among these you use for drug or 
other refining, is polysaccharide which is a natural product, it 
is desirable . 

[0009] 

cellulose, cellulose acetate, agarose, dextran. chitin. 
chitosan. starch, pullulan etc can be listed as 
polysaccharide. 

[0010] 

It can produce coating ion exchanger of this invention, by fact 
that the 'coating layer of nonionic substance is formed in 
surface of ion exchanger. 

preparation method of coating layer which can be used for 
this invention is notsomething which especially is limited, 
method of precipitating the said nonionic substance with 
surface of ion exchanger making use of dimethyl sulfoxide 
dissolved liquid or dimethylformamide dissolved liquid of 
said nonionic substance. After polymerization or 
condensation with ion exchanger surface youpolymerize and 
it is good with whichever of method which condenses reactive 
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monomer which forms said nonionic substance. 

When surface of ion exchanger is covered with 
polysaccharide, method whichis precipitated with ion 
exchanger surface making use of dimethyl sulfoxide dissolved 
liquid and the dimethylformamide solution of polysaccharide, 
is desirable. 

[0011] 

You express concretely below, concerning purification 
method of said coating layer. 

When coating layer is formed making use of said nonionic 
substance, said ion exchanger isinserted in dispersion medium 
(for example heptane and benzene etc) which does not melt 
dimethyl sulfoxide and dimethylformamide which are a 
solvent of said nonionic substance and said nonionic 
substance, next, dimethyl sulfoxide dissolved liquid or the 
dimethylformamide dissolved liquid of said nonionic 
substance are dripped in said dispersion medium, after that, 
aren't the dimethyl sulfoxide and dimethylformamide which 
are a solvent of said nonionic substance melted?, Extremely, 
coating ion exchanger of this invention can be acquired barely 
onlyby dripping solvent (for example water and methanol etc) 
which possesses dissolution characteristic which is notmelted. 

You express concretely below, concerning purification 
method of said coating layer. 

[0012] 

On one hand, with ion exchanger surface polymerizing and 
condensing theaforementioned reactive monomer when it 
forms coating layer, you insert ion exchanger and said 
reactive monomer which bearing it does polymerization 
initiator in heptane and benzene etc which are a solvent which 
does not melt polymerization initiator, you can acquireby fact 
that you polymerize said reactive monomer in said solvent 
with ion exchanger surface. 

When like above it covered with method, it is possible to 
coverl00% or more vis-a-vis dried weight of starting material 
ion exchanger, but regarding to the this invention, with fully , 
it is a coating amount of preferably 2.5%~5% with 1% - 10% 
coating amount,it is desirable . 

[0013] 

shape of ion exchanger which is used for this invention is not 
somethingwhich especially is limited. It is a spherical shape, 
it is desirable , coating ion exchanger of extentand this 
invention which are a shape where shape is close to perfect . 
sphere case where it is filled in column uniformity increases, 
the separation capacity of objective useful component 
improves. 

[0014] 
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As for average particle diameter of ion exchanger which is 
used for this invention, when it issmall, as for adsorptive 
capacity of object substance there is a tendency which 
becomeshigh, but in case of column method, when particle 
diameter of ion exchanger becomestoo small, column 
clogging to happen from fact that it becomeseasy, is 1 00;mu 
m~1000 ;mu m occasion where separation and purification is 
done,it is desirable . 

Furthermore it is a preferably 200 ;mu m~350 ;mu m. 
[0015] 

separation and purification method of this invention if it is a 
separation and purification method of useful component 
whichuses coating ion exchanger of this invention, may be 
something which possesseswhat step. 

Concretely, aforementioned fluidized bed method* column 
method can be listed. 

Regarding to separation and purification method of this 
invention, adsorption ratio of cell is low,from fact that coating 
ion exchanger of this invention where at sametime adsorption 
ratio of objective useful component is high is used, it 
separates useful product from fermentation broth and it - 
refines, simultaneously and efficiently,it is possible . 

[001.6] 

Furthermore, just exchanges filter portion of column which if 
it is a separation and purification method of useful component 
which uses column which is filled,presently uses coating ion 
exchanger of this invention with applicable , with the 
fluidized bed method necessity, necessity to introduce STR 
EAML INE (tradename* Amersham Pharmacia bio tech 
KK ) or other special equipment not to be, it is desirable. 

[0017] 

fermentation broth of place as it is called in this invention, 
with cell suspension which contains useful component which 
is made pulverized matter and objective of the cell or cell, 
concretely, cell culture liquid of animal* plant* insect or the 
fermentation broth* or blood etc of microorganism etc can 
be listed. 

In addition, useful component is protein* nucleic acid* 
polysaccharide or other thing. 

[0018] 

cell suspension* which is offered to separation and 
purification method of this invention furthermore useful 
component which is made objective is not something 
whichespecially is limited. 

If it is a separation and purification method of. this invention, 
separation of cell mass beingunnecessary, adsorption, 
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washing and elution operation being single step, itbecomes 
possible, from fact that simplification of purification 
operation ispossible, with transmission child rearrangement 
which recentlybecomes generally, it is used for large scale 
revelation and mass production of protein* enzyme which 
uses E. coli or other microorganism, it is desirable . 

Below, concerning this invention you explain in detail making 
use of the Working Example and Comparative Example, but 
this invention is not something which is limited in these 
Working Example. 

[0019] 

[Working Example(s)] 

1 . Adjustment of coating ion exchanger 

Working Example 1 (Manufacturing coating ion exchanger 
A-itu A-Cs A-ec ) 

1 coating ion exchanger A-m 

heptane 100 ml it entered, in separable flask of volume 500 
ml, you inserted the dry product lOg of Cellofine Q40ec 
(tradename* Chisso Corp. (DB 69-064-2582 ) make) which 
in range of 60 - 125;mu m has the particle diameter and used 
paddle and agitated with velocity of 170 rpm. 

Next, in said separable flask, applying 1% cellulose triacetate 
dimethyl sulfoxide solution 25 ml on 1 hour, it dripped. 

After end of dropping addition, 30 min applying methanol 50 
ml, it dripped. 

Filtering contained liquid of said separable 75 Lycium 
chinense Mill, with Buchner runnel, gelled product which it 
forms inside said liquid it recovered. 

Washing & filtering thrice were repeated said gelled product 
which recoversmaking use of pure water of 1 50 ml. 

Next, sodium hydroxide water solution 200 ml of 0.5 mol/1 
you inserted said gelled product after washing in 500 ml 
separable flask which were inserted and, overnight 
agitatedwith 30 deg C. 

After churning ending, until filtration with pure water 
washing and Buchner funnel,filtration liquid becomes neutral, 
it repeated, acquired thecoating ion exchanger A-m. 

2 coating ion exchanger A-c 

Other than using Cellofine Q40ec (tradename* Chisso Corp. 
(DB 69-064-2582 ) make) which for range of 125 - 250;mu m 
has particle diameter, coating ion exchanger A-c was 
manufactured according to the preparation method of 1 
coating ion exchanger A-m. 
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3 coating ion exchanger A-ec 

Other than using Cellofine Q40ec (tradename. Chisso Corp. 
(DB 69-064-2582 ) make) which for range of 210 - 350;mu m 
has particle diameter, coating ion exchanger A-ec was 
manufactured according to the preparation method of 1 
coating ion exchanger A-m. 

[0020] 

Working Example 2 (Manufacturing coating ion exchanger 
B.) 

In separable flask of 500 ml where ammonium persulfate 
0.1% aqueous solution 100 ml enters, Cellofine Q40ec which 
inrange of 210 - 350;mu m has particle diameter (tradename. 
Chisso Corp. (DB 69-064-2582 ) make) you inserted 50 g 
andagitated. 

Filtering contained liquid of said separable Lycium 
chinense Mill, with Buchner funnel, gelled product which it 
forms inside said liquid it recovered. 

While inserting said gelled product in 500 ml separable flask 
which methanol which melts the acrylamide 3g and bis 
methylene acrylamide 0.5g 100 ml were inserted, recording 
continuing the nitrogen gas, overnight it agitated with 60 deg 
C. 

After churning ending, until filtration with pure water 
washing and Buchner funnel, filtration liquid becomes neutral, 
it repeated, acquired thecoating ion exchanger B. 

[0021] 

2. ion exchange capacity and measurement of bovine serum 
albumin adsorbed amount 

Coating ion exchanger A-ec (Working Example 1 ), ion 
exchange capacity of coating ion exchanger B (Working 
Example 2 ) (Below IEC ) with the adsorbed amount of 
bovine serum albumin (Below BSA ) was measured. 

Furthermore, adsorbed amount of ion exchange capacity and 
bovine serum albumin was measuredconcerning Cellofine 
Q40ec (tradename. Chisso Corp. (DB 69-064-2582 ) make) 
where particle diameter is a range of 210 - 350;mu m as 
Comparative Example 1 . 

measurement result is shown in Table 1. 

[0022] 

It did quantification method of BSA, by fact that absorbance 
(280 nm ) of the ultraviolet portion is measured. 

BSAconcentration prepared solution of 0.01 Mphosphoric 
acid buffer, pH 7.2 of 2 kinds of 1 .7 mg/ml and0.85 mg/ml, 
using quartz cell of 1 cm light path, measured those 
absorbance (280 nm ) anddrew up measuring line. 
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[0023] 

(l)BSA<Ol»7fS<7)ai]£ 

A-ec(*JS« 
B(Hl5S0iJ 2)*5cfctftt Q40ec(J£&« 1) 
ft*tl-F*lrttt 0.5cm <Di)=>MZ 5.1cm £>ig£ 
II*«L.0.01My^/^7T— ,pH7.2*20ml 



34mg/ml (D BSA0.01M yA/H/^T— ,pH7.2 
»5**tt*5AIZ 20ml 35J)Q.20ml/h <7)2KT* 

a*L.*5Aiapa)aaas ioomi tf-a- 

3ltttSM*A5i*l:: 0.01M yA/BS/^T 
-,pH7.2£30ml3KU *^AttP0>ffla5ft$EI 
IS 100ml If— *— "eftlffco 

Cia>»»5*£fi<EALT. K3fefi(280nm)*a 
«Ti£a)ttSIS^& BSA 99£#«>fc 0 



BSA(7)Kga(±T(7)S 1 ^b**)fco 
)S£££S 1 lC^L/io 

3 1 (680mg-(fflifi&*0) BSA * mg))/4ml 
C1CT\ 680mg It'MuLtz BSA (DiT'fey . 4ml 
[0024] 

P)mc0>sje 

®s^*>£&i* A-ec(Hffi0ij i). 

3EJJM* B(HJfc#] 2)d3«kt/tt Q40ec(l±«#J 1) 
0.5N OttttlZ 30 #9«U 
A* B fc «fctf Q40ec * *Ma?„ ±9 



ca>y;u*a«ft*r3ctyK«lLfc. 
e*Lfc*;u£ ig f¥»L o.in a>*IHM-HJ 

50ml IZtiUXs -MfcgLfco 

^a>y;u997;u*yao±9* iomi ityt 

y*7x--/7*U*:/*ft«KfcLT.0.1N HC1 

IEC 0)*aSttT<Z)a 2 IZckoT^^fc 

a 2 (10ml-(;TSStt ml))x0.ix5x«-lg J£fit 
meq/g 

[0025] 

[Si] 



[0023] 

Measurement of adsorbed amount of ( 1 ) BSA 

Coating ion exchanger A-ec (Working Example 1 ), coating 
ion exchanger B (Working Example 2 ) and said Q40ec 
(Comparative Example 1 ) in the column of respective 
internal diameter 0.5 cm it was filled in height of 5.1 cm,20 
ml passed liquid did 0.01 Mphosphoric acid buffer, pH 7.2 
and did equilibration. 

BSA0.01 Mphosphoric acid buffer, pH 7.2 solution of 34 
mg/ml in said column passed liquid was done with velocity of 
20 ml additions and 20 ml/h, passed liquid of column outlet 
wasreceived with 1 00 ml beaker. 

Continuously, 0.01 Mphosphoric acid buffer, pH 7.2 30 ml 
were let flow in said column, the passed liquid of column 
outlet was received with same 100 ml beaker. 

Mixing this passed liquid well, measuring absorbance (280 
nm ), it sought BSAconcentration from aforementioned 
measuring line. 

It sought adsorbed amount of BSA from Formula 1 under. 
Result was shown in Table 1 . 

Formula 1 (680 mg- (BSA quantitative mg in passed liquid )) 
/4 ml 

Here, as for 680 mg at quantity of BSA which is added, 4 ml 
are gel quantity which is filled in column. 

[0024] 

Measurement of (2) IEC 

Coating ion exchanger A-ec (Working Example 1 ), coating 
ion exchanger B (Working Example 2 ) and said Q40ec 
(Comparative Example 1 ) 30 min was soaked respectively in 
hydrochloric acid of 0.5 N, after that the ion exchanger A, B 
and Q40ec were washed until with pure water, supernatant 
becomes neutral. 

This gel was dried with lyophilizing . 

1 gmeasured weight it did gel which it dries and overnight it 
left inaddition to sodium hydroxide 50 ml of 0.1 N. 

1 0 ml you measured supernatant of this gel dipping alkali 
liquid and took,titration you did with 0.1 N HC1 with ^x— J 
cover lane as indicator. 

Calculation of IEC with Formula 2 under seeks 

Formula 2 (10 ml- (titration value ml )) X 0.1 X 5 X/ 1 g unit 
meq/g 

[0025] 

[Table 1] 
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I EC me q/g 


BSA mg/ml 


\tmi (Q4 0ec) 


1. 8 


80 


mm . 


1. 7 


8 1 


mm 2 


1. 5 


7 6 


$026] 




[0026] 



US 



rtg4cm<7)A5AlC, 2.5cra (DJS**TSIlfi« 1 

cD$g'T*>$&ft A-ec $a«u 

0.02M CDMJTJfiK' <?77— ,pH8 £ 300ml £5S 

UHftAlZ* *R§0 IFO13500 £ LB aapK'j 
^^h> lOg, HSX^X 5g,NaC110g/L 

P H7 icHSJ-eaaJg^Lfc. te*fclc bsa £ 

50mg/ml a>aaiZ&4<fc5IC»»Lfcjft* 

lomi/min (z>aa-e*5A(*ao) 10fS*a&L 
*»«a«**aaLfc»,o.o2M ©njxa 

JfclC, 0.5M 0> NaCl 0.02M (DMJxaa 

/ ^77-,pH8(» tli jfc)3 1 OmI £R*7 -M CBS* 



Jg(660nm 0)ftjfefi)t. geaa>aS(280nm 

©aita^aaLfc. * 
a£a&&£H i ic^ufco 

[0027] 
Ifcttfl 2 

210-350 JU m.a>|fililCfc6-fe;UD77-f> 
Q40ec(Sp D p* . ^V(*)»)tLfc Jam* . H 

aa i icaaLTaaaaa^oaeaBa 
aftaaa&aeKoaataaa 1 k*« 



protein recovery in 3. cell suspension 
Working Example 3 

In column of internal diameter 4 cm, to height of 2.5 cm 
coating ion exchanger A-ec of Working Example 1 it was 
filled, beforehand tris hydrochloric acid buffer, pH 8 of 0.02 
M letflow parallel aligning did 300 ml and and. 

liquid which in said column, shaking culture did E. coli IFO 
13500 with LBmedium (polypeptone lOg* yeast extract 5g* 
NaCl 10 g/1 water, in pH 7 manufacturing), in order to become 
concentration of 50 mg/ml, melts BSA in the fermentation 
broth column volume 1 0 -fold amount passed liquid was done 
with velocity of 10 ml/min. 

passed liquid after doing E. coli fermentation broth, tris 
hydrochloric acid buffer, pH 8 31 0 ml of 0.02 M passed 
liquid wasdone in said column, cell was washed away from 
column. 

Next, tris hydrochloric acid buffer, pH 8 of 0.02 M which 
include NaCl of 0.5 M (eluate )3 10 ml passed liquid were 
done in said column and component which adsorbswas 
liquated. 

visible ultraviolet detector was put in column outlet, 
concentration of cell (absorbance of 660 nm ) with, the 
concentration (absorbance of 280 nm ) of protein was 
. measured. 

Result of measurement was shown in Figure 1 . 
[0027] 

Comparative Example 2 

Coating ion exchanger A-ec other than Cellofine Q40ec 
which has particle diameter which is a starting material range 
of 2 1 0 - 3 50;mu m (tradename* Chisso Corp. (DB 
69-064-2582 ) make) with making, conforming to the 
Working Example 1 , it recovered in cell suspension protein . 

Also concentration of cell and concentration of protein 
conforming to Working Example 1 , it did, showed result of 
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[0028] 

&a<< A-ec It 660nm($j£:$ffl|JS;! 

— ?5l& Q40ec It A660nm <7)fit# 0.7 *"CL4>& 
>/^?Klt 0.5M (7) NaCl 0.02M 0)MM 

tt»/^r— ,pH8 Ztiit&vm&Ztitzo 



[0029] 

AO 4 fgfr b 20 te#«£ffl&Lfc e 



®a^>^Si<* A-m(3t4S 60-125// m)T*lt 

A-c(tta 2io~250)-cit^*> 

&§-f A-ec(&g 125-350)T*lt@f£ 

t£S£H 2 Iz^Lfco 
[0030] 

660nm li«fi<DaS£a*ft«T?fcy* C/Co 
It 1 fcifiUBif, IMtf*7Afr&&ai$*lfc 



ttSA< 210-350// m (DBHlcfcSlfttt'ffrvX 
A-ec l*EA*<±£trt\Ml:: 660nm <D 

c/cotisis i ici£<«A<9Rs^-r, bbsu 

[0031] 

[«K0>*«)j|l] 



measurement in Figure 1 . 
[0028] 

We liquated coating ion exchanger A-ec at value whose 660 
nm (turbidity: cell concentration is shown. ) areclose to 1, it 
understood that it is not adsorption of cell. 

On one hand, as for said Q40ec value of A660 nm, it 
understood that cell adsorbs into column without up to only 
0.7, on one hand protein recovered by fact that tris 
hydrochloric acid buffer, pH 8 of 0.02 M whichinclude NaCl 
of 0.5 Mis let flow. 

[0029] 

Working Example 4 

While coating ion exchanger A-m* coating ion exchanger 
A-c* coating ion exchanger A-ec, being filled insame 
column, as respective Working Example 3 furthermore rise of 
pressure looking at fermentation broth of E. coli which is used 
with Working Example 3, the passed liquid it did of column 
20 times capacity from 4 -fold. 

With coating ion exchanger A-m (particle diameter 

60-125 ;mu m ) clogging happened, pressure of column rose. 

With coating ion exchanger A-c (particle diameter 210-250 ) 
clogging happened a little and operating pressure rose. 

With coating ion exchanger A-ec (particle diameter 125-350 ) 
clogging do, E. coli passed column. 

Result was shown in Figure 2. 

[0030] 

As for 660 nm with index which displays concentration of 
cell,C/Co shows fact that extent and cell which are close tol 
are liquated from column. 

In addition when cell is plugged to column upper surface, 
between plugging happens, liquid stops flowing and pressure 
rises. 

As for coating ion exchanger A-ec where particle diameter is 
a range of 210 - 350;mu m pressure did not rise, furthermore 
C/Co of 660 nm oralmost to be close to 1 not to adsorb, it 
understood that clogging itis not cell. 

[0031] 

[Effects of the Invention] 

If is coating ion exchanger which covered surface of ion 
exchanger with the nonionic substance, adsorption ratio of 
cell becomes low, from fact that at thesame time adsorption 
ratio of objective useful component is high, said coating ion 
exchanger isused, separating and refining useful product 
which is made objective from fermentation broth, with 
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[01] 

[02] 

Drawings 
[HI] 



simultaneously and Dounce tree A process whichis done 
efficiently possible. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

measurement result of cell concentration and protein 
concentration 

[Figure 2] 

Relationship with ion exchanger particle diameter and 
operating pressure 



[Figure 1] 
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[02] 



[Figure 2] 
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